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(54) Title: 



NEW METHIONINE AMINOPEPTIDASE INHIBITOR 



(i) 



(57) Abstract: The invention provides a new methionine aminopeptidase inhibitor with the following formula (I): wherein R 1( R 2 . R 3 , R4, Rs, Re, and X have the 
meanings given in the description. Pharmacological tests show that these display good inhibition activity for methionine aminopeptidase. [See the continuous page] 
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(57) Abstract: The invention provides a new type of methionine aminopeptidase inhibitor with the following formula: 




Wherein R, represents alkyl at C r C 4 , alkyl substituent, cycloalkyl at C 3 to C 6 , cycloalkyl substituent, aryl, pyridyl; aryl substituted with alkyl at C1-C4, nitryl. 
carboxyl, aldehyde group, alkoxyl, amidocyanogen, amide group, hydrosulfide group, pyridyl substituent, and heterocycle or substituent heterocycle with the following 
structure 1 : 




R 5| R 6 represent H, alkyl at C r C 4 , alkyl substituent, cycloalkyl at C 3 -C 6 , cycloalkyl substituent, aryl, pyridyl, nitryl, carboxyl, aldehyde group, alkoxyl. 
amidocyanogen, amide group, aryl substituted by mercapto, pyridyl substituent; 

R 2 represents H, alkyl at C1-C4, alkyl substituent, aryl, aryl substituted by alkyl at C1-C4, nitryl, carboxyl, aldehyde group, alkoxyl, amidocyanogen, amide group 
and hydrosulfide group; 

R 3 represents H, alkyl at C1-C4, alkyl substituent at C1-C4, halogen; aryl, aryl substituent; 

R 4 represents H, alkyl at C1-C4, alkyl substituent, aryl substituent; 

X represents O, S, N, hetero atoms. 

Pharmacological tests show that they display good inhibition activity for methionine aminopeptidase. 



1 Translator's note: the original source is grammatically odd here 
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A type of methionine amlnopeptldase Inhibitor 

Technical Scope 

This invention involves a type of small molecule organic compound that manifests high inhibition activity for methionine aminopeptidase (MetAPs), and certain 
selectivity for different subtypes of MetAPs. This type of compound may therefore be employed as a new leading compound for research into anti-cancer and antibiotic 
drugs. 

Technical Background 

In the cytoplasm of all prokaryotic cells, all protein translation starts from the methionine (Met) at the N terminal, however, in the eukaryotic cells and in 
chondriosome and chlorophyl bodies, the protein translation starts from N-formylmethonine (fMet), and the formyl group is generally removed in the translation process 
by the enzyme peptide deformylase (Pdf). In both cases, MetAPs selectively remove the new produced protein or the Met at the N terminal of polypeptide chain. Such 
removals are crucial to the proteins' post-translation a I modification, precise positioning and functioning in cells. 

The first MetAPs discovered was Escherichia coli MetAP (EcMetAP); enzymes with similar structure and functions were discovered in saccharomyces and 
mammals. Based on the sequence comparison, the C terminals of these MetAPs are highly homologous, but there are prolongations at the N terminal with structures 
similar to the zinc-finger structure. These sequences were later experimentally proved to be sequences connected to ribosome, which do not affect the proteolytic 
enzyme activity (J. Biol. Chem. 1990; 265: 19892-19897). This type of enzymes and EcMetAP were classified as MetAP I; later, another MetAP was isolated & purified 
and cloned from pig liver (J. Biol. Chem. 1992; 267: 20667-20673). Sequence comparison indicate that the C terminal of this new MetAP is less homologous to EcMetAP 
than that of the MetAP I (as it has a sequence consisting of approximately 60 aminophenol inserted at the C terminal), and this new MetAP's N terminal is a sequence in 
the structure of zinc-finger substituted by acid or neutral poly aminophenol residues (this structure has been proved to be an inhibitor for phosphorylation of the protein 
translation initiator in the eukaryotic cells, which does not affect the proteolytic enzyme activity). In order to denote its difference from MetAP I, this type of enzyme was 
classified as MetAP II, such as the MetAPs II successively found in saccharomyces, drosophilae, mice and human beings. 

MetAPs widely exist in the cells of various forms of life in nature, and has a certain selectivity to the substrate. Experiments show that regardless of whether the 
substrate is intrinsic protein, extrinsic recombined and expressed protein, or polypeptide (Biochemistry, 1987; 26: 8242-8246), the substrate can be enzymatic 
hydrolysed by MetAPs only when the second aminophenol (P\) after the N terminal Met of the protein or polypeptide substrate is a non-polarized chain under 3.68 A. It is 
currently believed that the MetAPs can function as long as the aminophenol at P 1 , position is one of the following 7 aminophenols: Gly, Ala, Ser, Thr, Pro, Val and Cys (J. 
Bacteriol. 1987; 169:751-757; Biochemistry. 1999; 38: 14810-14819). 
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The basic function of MetAPs in cells is to remove the N terminal Met that newly combines protein, thus laying a foundation for the following functions of the 
protein. The removal of new protein or the N terminal Met of the polypeptide chain is crucial to the post-translational modification, precise position in cell, direct 
degradation (J. Biol. Chem. 1982; 257: 3532-3536) and appropriate functioning of the protein. 

Currently, the MetAP inhibitors can be classified as covalent combination inhibitors and non-covalent combination inhibitors according to their function patterns. 
Besides, there is another type of inhibitors which are transition-state analog and reaction products, which have similar inhibition mechanisms to the Bestatin analog 
(Biochemistry. 1999; 38: 14810-14819). 

Fumagillin and its derivative TNP-470 (lC 50 at nanomolar) are a type of drug that can specifically inhibit endothelial cells growth effectively to inhibit the chemical 
compound of MetAPs by covalent combination. Research shows that human MetAP II (hMetAP II) is the target for intracellular fumagillin and TNP-470, such 
combinations inhibit the activity of this protein enzyme by covalent modification of the conservative aminophenol residue His at the catalysis site (Proc. Natl. Acad. Sci. 
USA. 1998; 95: 15183-15188). 

Non-covalent inhibitor is a substrate analog inhibitor modified using a Bestatin template, an effective inhibitor of leucine aminopeptidase (LAP) enzyme, targeting 
the substrate properties of MetAPs. The result of replacement at Pi and P/ positions of Bestatin with isoleucine and Alanine respectively is an unhydrolyzable substrate 
analog with its inhibition activity ICso at 5uM, the best eMetAP inhibitor ever reported. 




Fumagillin 



TNP-470 



Covalent combination inhibitors of MetAPs 




AHHpA , 
Pi 



Ala 
Pi" 



R - Leu-Val-Phe-Ome 



Non-covalent inhibitors of eMetAPs 



In recent years, considerable progress has been achieved in the chemical treatment of cancer, and the survival time of the patients has been obviously prolonged. 
In particular, breakthroughs have been made in the treatment of Leukemia and Lymphoma, etc. However, satisfactory results have not been achieved in the treatment of 
solid tumours, the 
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most severe type of tumour that endangers the health of human beings, which includes 90% of all malignant tumours. Pharmacologists and tumour specialists have 
gradually come to the deep understanding that, for the improvement of tumour treatment, a breakthrough can only be achieved through research focusing on the 
mechanism of the formation and development of tumours. The anti-cancer drugs under development range from traditional cytotoxic drugs to mechanism-oriented new 
drugs that function with multiple links. The tumour vascular system is a new and hopeful target for anti-cancer treatment, as the growth and metastasis both rely on the 
formation of new vessels (angiogenesis). Through the tumour vessels, the tumour can not only obtain nutrition and oxygen from its host, but also transport cells to its host 
and maintain its growth and induce angiogenesis in other places of the body, eventually realizing tumour metastasis. Nowadays, one of the most active anti-cancer 
pharmaceutical research fields is to control tumour formation through angiogenesis inhibition 2 . The anti-tumour capabilities of fumagillin and its analogs operate through 
their effect on the vascular system of the tumour, in which tumour growth is controlled through specific inhibition of vascular endothelial cell growth. This indicates that 
MetAPs, especially hMetAP II, can be employed as a function target for a new type of anti-angiogenesis drugs, on which the effective and specific inhibitors can be 
employed as new anti-cancer drug. 

The knock-out experiment using MetAP! and MetAPs gene only in prokaryotic life forms shows that all the coliform, typhoid salmonella and saccharomyces are 
unable to continue growth, which indicates that Me^AP^ is crucial to the growth process of prokaryotic life forms. Therefore, chemical compounds that can selectively 
inhibit MetAPi may be employed as new anti-bacterial infection drugs. 

Content of Invention 

Invention Objective: This invention designs and synthesizes new small molecular organic compounds as inhibitors for MetAPs, and carries out in-depth research 
into the relationship between their structures and activities, and discovers the leading compounds for anti-cancer and anti-infection drugs at the same time as it explains 
the functional mechanisms of MetAPs in pathological terms. 

The other objective of this invention is to provide the synthesis method for this type of compounds. 

The MetAPs inhibitors described in this invention have the following formula: 




wherein R, represents alkyl at C1-C4, alkyl substituent, cycloalkyl at C 3 -C 6 , cycloalkyl substituent, aryl, pyridyl; aryl substituted by alkyl at C1-C4, nitryl, carboxyl, 
aldehyde group, alkoxyl, amidocyanogen, amide group, sulfhydryl group, pyridyl substituent, heterocycle or substituent heterocycle with the following structure: aryl, 
pyridyl 




Translator's note: The original source has a very obvious misprint here, which should read "Mftfflffljftitil&^&&^fflMf$M£.$L..." 
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Rs, Re represent H, alkyl at C1-C4, alkyl substituent, cycloalkyl at C 3 -C 6 , cycloalkyl substituent, aryl, pyridyl, nitryl, carboxyl, aldehyde group, alkoxyl, 
amidocyanogen, amide group, aryl substituted of mercapto, pyridyl substituent; 

R 2 represents H, alkyl at C1-C4, alkyl substituent, aryl, aryl substituted by alkyl at C1-C4. nitryl, carboxyl, aldehyde group, alkoxyl, amidocyanogen, amide group 
or mercapto; 

R 3 represents H, alkyl at C1-C4, alkyl substituent at C1-C4, halogen; aryl, aryl substituent; 
R, represents H, alkyl at C1-C4, alkyl substituent, aryl substituent; 
X represents O, S, N, hetero atoms. 

This invention is implemented through the following process: 
Using the chemical reaction formula: 



r,coy + fV 




I II III 

Compounds I and II are condensation polymerised into compound III, in which Y represents OH, CI or another active group, the condensation polymerisation 

reaction between compounds I and II is carried out in the following solvent: CH 2 CI 2i DMF, CH 2 CICH 2 CI, toluene, benzene, water, dioxane or mixture solvent when 

necessary, such as CH 2 CI 2 / DMF(1:1 V7V). According to the properties of compounds, the condensation polymerisation reagents may be chosen from DCC, ECD, DIC 

and HBTU, etc. if necessary, a small volume of activator such as HOBT, pentafluoro phenol or a molecular sieve, etc. may be used in the reaction. Sometimes the 

reaction requires an alkaline catalyst such as triethylamine, diethyl propyl ethylamine, pyridine, DMAP. The reaction temperature ranges from -20°C to room temperature, 

but heating (generally between 50°C and 130°C) is also needed in some situations. The reaction duration also varies depending on the active groups of the reaction 

compounds, for instance, the reaction may be completed within a few minutes when Y is CI, while other reactions may take longer. TLC is usually employed to determine 

the completion degree of the reaction. Upon completion of the reaction, extraction is generally made with solvents such as ethyl acetate, dichloromethane, chloroform, 

etc., which are washed with 5% HCI, water and saturated salt water solution successively. After desiccation, the solvent is removed under low temperature and pressure 

and the end product III is acquired through column chromatography of the concentrated solution. The production ratio ranges from 20% to 95% depending on the 

properties of compounds I and II. The end product is then proved using methods such as NMR. 

Compound II can be synthesized according to the methods introduced in J. Org. Chem. 63, 196-200 (1998). 
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Chemical Formula 
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Bioactivity Test 

A large volume of eMetAP protein is cloned and expressed using a coliform system, followed by deposition with saturated (NH 4 ) 2 S0 4 solution and Q-Sepharose 
column chromatography and purification, after which apo-eMetAP is acquired. After incubation with Co 2 * at appropriate concentration, a highly active enzyme may be 
acquired for the selection of this enzyme inhibitor. 

Test Mechanism of Drug Selection Mode 

The eMetAP may hydrolyse and compound the thioester bond of substrate Met-S-C-Phe. The product Met-SH then reacts with excessive DTNB, and produces 
3-carboxyl-4-nitryl thiophnol salt, which demonstrates spectra absorption at 412 nm ( e 412= 13600 M-1. cm-1). The enzyme activity can be determined by its spectra 
absorption at 412 nm in the Spectra MAX 340 test. 

Operation Process: 

Regular Selection Method (Anal Biochem. 2000, 280: 159-65) 

Preliminary selection is conducted among the compound solutions at three different concentrations, namely; 2i»g/mL, 20iig/mL and 100ng/ml_, when the 
inhibition activity is higher than 50%, 8 solutions of different concentrations are selected, and this active compound IC 50 is tested. 
Advantages of the Invention: 

This invention indicates that these combined chemical compounds are a type of completely newly structured MetAP inhibitor. Compared with the existing 
inhibitors of this type of enzyme, these compounds feature relatively simpler structures and can be easily produced. In addition, some of these compounds demonstrate 
the best inhibition activity for eMetAP to date. 



Implementation Method Specification 

This invention is further explained with specific implementation cases as follows, but these explanations do not represent the entire scope of this invention. 
1 H-NMR determined with a Varian Mercury AMX 300 instrument; MS determined with a VG ZAB-HS or VG-7070 instrument, both from El source (70 ev) unless 
specifically noted; all solvents have been redistilled before use, all employed anhydrous solvents are acquired through standard desiccation methods; unless 
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specifically noted, all reactions are protected with Ar gas and TLC traced, ail post-treatments are conducted after washing with saturated salt water solution and 
desiccation in anhydrous MgSO; all purifications of the product use the silicon gel (200- 300 mesh) column spectra method; the silicon gel employed, including that of 
200-300 mesh and GF 25 4. is produced by Qingdao Haiyang Chemical Co., Ltd. or Yantai Yuanbo Silicon Gel Co., Ltd. 

1. Production of Compound 6 



Dissolve 5mmol o-nitrobenzoyl chloride into 15 ml dich I oro methane, add 2-aminothiazole (500 mg, 5mmol), Triethylamine (0.75 ml, 5mmol), react for 8 hours at 
room temperature, dilute and quench with dichloromethane. Transfer all reaction products into a separating funnel and wash with 5% HCI. Solid matter can be found 
floating in the upper layer (water layer) near to its separation border to the dichloromethane layer. After washing with dichloromethane and purifying with column spectra 
(petroleum ether: ethyl acetate= 3:1, v7V), 503 mg of product 6, the white solid matter, is obtained. The production ratio is 40.4%. 

1 H-NMR (DMSO, 300MHz): 

5(ppm) 8.18 (d, J = 8.1 Hz, 1H), 7.91- 7.86 (m, 1H). 7.82- 7.77 (m, 2H), 7.55 (d, J= 3.6Hz, 1H), 7.34 (d, J* 3.6 Hz, 1H) 
2. Production of Compound 18 



Add dichloromethane (5 ml) to a mixture of compound 15 (195 mg, 1.26 mmol), 2- carboxyl pyridine (156 mg, 1.26 mmol) and DCC (270 mg, 1.30 mmol), DMAP 
(11 mg, cat), and stir for 8 hours at room temperature under Ar gas protection. Dilute with ethyl acetate, filtrate, and remove the solvent by distillation, purify the residue 
with column spectra (petroleum ether: ethyl acetate= 4:1, VA/), and 247 mg white solid product 18 is obtained. The production ratio is 75.7%. 

1 H-NMR (CDCI 3 . 300MHz): 

6 (ppm) 11.08 (s., 1H), 8.62 (d. J= 5.2 Hz, 1H), 8.27 (d, J= 7.8 Hz, 1H), 7.92 (dt, J = 7.8, 7.8, 1.5 Hz, 1H), 7.51 (dd, J= 7.8, 5.2 Hz, 1H), 2.72 (d, J= 13.5 Hz, 4H), 
1 .88 (s, 4H); 

13 C NMR (CDCI 3 , 300MHz): 6 (ppm) 

161.76 (1C), 154.61 (1C), 148.76 (1CH), 148.18 (1C). 145.17 (1C), 137.90 (1 CH), 127.33 (1CH), 123.59 (1C), 122.91 (1CH), 26.65(1CH2), 23.56(1CH2), 23.23 




6 




(2CH2); 



3. 



Production of Compound 19 



Translation from Chinese 
(Page 11) 




Add dichloromethane (1 ml) to a mixture of compound 19a (28 mg, 0.197 mmol), 2- carboxyl pyridine (25 mg, 0.197 mmol) and DCC (43 mg. 0.20 mmol), DMAP 
(cat), and stir for 8 hours at room temperature under Ar gas protection. Dilute with ethyl acetate, filtrate, and remove the solvent by distillation, purify the residue with 
column spectra (petroleum ether: ethyl acetate= 5:1. V7V), and 14 mg white solid matter, product 19, is obtained. The production ratio is 75.7%. 

1 H NMR (CDCI 3 , 300MHz): 

6 (ppm) 1 1 .02 (s., 1 H), 8.61 (dd, J = 4.8, 1.5 Hz. 1 H), 8.27 (d. J = 7.5 Hz. 1 H). 7.91 (dt, J = 7.5, 7.5, 1 .5 Hz. 1 H), 7.50 (ddd, J = 7.5, 4.8, 1 .5 Hz, 1 H) , 2.62 (q, J = 
7.5, 7.5, 7.5 Hz. 2H), 2.34 (s. 3H), 1 .22 (t, J = 7.5. 7.5 Hz, 3H).; 

4. Production of Compound 22 



Add dichloromethane (2 ml) to a mixture of compound 22a (23 mg, 0.131 mmol), 2-carboxyl pyridine (17 mg, 0.131 mmol. 1 eq) and DCC (29 mg, 0.14 mmol), 
DMAP (cat), and stir for 8 hours at room temperature under Ar gas protection. Dilute with ethyl acetate, filtrate, and remove the solvent by distillation, purify the residue 
with column spectra (petroleum ether: ethyl acetate= 5:1, V7V), and 21 mg cyan solid matter, product 22, is obtained. 

1 H NMR (CDCI 3 , 300MHz): 

6 (ppm) 11.25 (s„ 1H), 8.66 (d. J= 4.5 Hz, 1H), 8.30 (d. J= 7.8 Hz, 1H). 7.92 (dd. J= 7.8. 7.8 Hz, 1H), 7.89 (d, J= 7.8 Hz, 2H), 7.53 (dd, J= 7.8, 4.5 Hz, 1H), 7.43 
(t, J = 7.8, 7.8 Hz, 2H), 7.33 (t, J= 7.8, 7.8 Hz, 1H), 7.22 (s. 1H); 
13 C NMR (CDCI3, 300MHz): 6 (ppm) 

162.34 (1C). 157.45 (1C), 150.73 (1C), 148.86 (1CH), 147.98 (1C), 138.02 (1 CH), 
134.63 (1C), 128.98 (2CH), 128.27 (1CH), 127.59 (1CH), 126.34 (2CH), 
123.08 (1CH), 108.21 (1CH); 

5. Production of Compound 36 




22a 



22 




36 



Dissolve compound 33 (20 mg, 0.09 mmol) into dichloromethane (4 ml), add in triethylamine (0.1 ml), inject benzoyl chloride (0.13 mmol, 1.5 eq) at -78°C, react 

at 
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the same temperature for 3 hours, allow the temperature to rise naturally to room temperature and maintain the reaction for 2 hours. A light yellow solution is obtained. 
Dry out the residue after dehydrating with dichloromethane/toluene, purify with column spectra (petroleum ether: ethyl acetate= 3:1, V/V), and compound 36 is obtained. 
1 H-NMR (CDCI 3l 300MHz): 

6 (ppm) 11.33 (br., 1H), 8.60 (d, J = 4.5 Hz, 1H), 8.29 (d, J= 7.5 Hz, 2H), 7.75-7.63 (m, 3H), 7.56 (t, J= 4.5, 4.5 Hz, 2H), 7.50 (d, J= 3.0 Hz, 1H). 7.05 (d, J= 3.0 
Hz,1H). 

13 C NMR (CDCI 3l 300MHz): 8 (ppm) 

165.13 (1C), 160.29 (1C), 157.82 (1C), 148.59 (1C), 146.03 (1CH), 139.88 (1C), 

137.87 (1CH), 134.12 (1CH), 133.90 (1CH), 130.85 (2CH), 129.13 (1C), 128.88 (2CH), 128.74 (1CH), 113.83 (1CH); 
EIMS (m/z): 325 (M + , 7%), 226(8), 197(6), 127(16), 105(69) 
97(53), 91(69), 85(63), 71(100), 69(88); 



7. Production of Compound 44 3 




Add dichloromethane (8 ml) to compound 33 (98 mg, 0.45 mmol), then add triethylamine (0.1 ml, 68 mg, 0.67 mmol), then add acyl chloride dissolved in 
dichloromethane at -78°C. React for 1 hour at the same temperature, then allow the temperature to rise naturally to room temperature and maintain the reaction 
overnight. A light yellow turbid solution is obtained. Dissolve the residue after dehydration with dichloromethane/ toluene, purify with column spectra (petroleum ether: 
ethyl acetate= 3:1, VA/), and product 48 mg white solid matter, which is compound 44. 

1 H-NMR (CDCI 3l 300MHz): 

6 (ppm) 8.55 (dd, J = 4.2, 1 .5 Hz, 1 H), 8.25 (d, J = 1 6 Hz, 1 H) , 7.69-7.59 (m, 3H), 7.51 (d, J= 3.6 Hz, 1H) , 7.40 (dt, J = 8.0, 1 .5 Hz, 1 H), 7.03-6.94 (q, J - 8.0, 1 8 
Hz, 2H), 6.99 (d, J = 3.6 Hz, 1 H), 6.89 (d, J = 3.6 Hz, 1 H); 
13 C NMR (CDCI 3 , 300MHz): 5 (ppm) 

165.67 (1C), 160.45 (1C), 158.89 (1C), 157.80 (1C), 148.49 (1C), 145.75 (1 CH), 

143.47 (1CH), 139.98 (1CH), 138.09 (1CH), 133.86(1CH). 132.35(1CH), 129.76(1CH), 128.62 (1CH), 123.16 (1C), 120.91 (1CH), 116.93 (1CH), 113.75 (1CH), 
111.38 (1CH), 55.67 (1CH3), 

EIMS (m/z): 381 (M*. 7%), 353(8), 324(16), 225(52), 221(26) 
161(90), 127(28), 123(47), 95(49), 71(60), 69(100). 

8. Production of Compound 47 



Translator's note: numbering of original text followed. This should probably be 'Section 6'. 
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47 



Add dichloromethane (2 ml) to acyf chloride, then add 2-aminothlazole (11.4 mg, 0.114 mmol), then add triethylamine (19 pi, 0.114 mmol) with Ar gas protection, 
react overnight. Add dichloromethane (10 ml) after dehydration, wash with water (3X3 ml), wash with saturated salt water solution (3 ml). Desiccate (with anhydrous 
MgS0 4 ). Filtrate, then concentrate the residue liquid, dissolve the residue into dichloromethane, purify with column spectra (petroleum ether: ethyl acetate= 1:1, V/V), 6 
mg of red solid matter is produced, which is compound 47. 

1 H-NMR (CDCI 3 , 300MHz): 

5 (ppm) 8.25 (dd, J= 2.7, 2.7 Hz, 1H), 7.52-7.50 (m, 3H), 7.42-7.32 (m, 5H), 7.02 (d, J= 3.6 Hz, 1H); 
13 C NMR (CDCI 3 , 300MHz): 6 (ppm) 

161.30 (1C), 158.38 (1C). 156.33 (1CH), 140.73 (1 CH),137.80 (1CH), 136.47 (1C), 135.85 (1C), 129.06 (2CH), 128.54 (1CH), 128.42 (1CH), 127.12 (1CH), 
127.06 (1CH), 123.50 (1CH), 113.64 (1CH), 71.14 (1CH 2 ); 

EIMS (m/z): 311 (M\ 6%), 220 (7), 197 (8), 189 (43), 123 (19), 111 (29), 97 (44), 91 (100), 85 (55), 71 (83), 69 (78). 



9. Production of Compound 51 




51a 51 

Add DDC (41 mg, 0.198 mmol), DMAP (10 mg, 0.083 mmol, 0.5 eq) and an activated 4A molecular sieve (100 mg) to 51a (40 mg, 0.165 mmol). Inject redistilled 
toluene (1 ml) with Ar gas protection, stir for 20 minutes at room temperature, add 2-aminothiazole (17 mg, 0.165 mmol), stir for 1 .5 hours at 70°C. Filtrate, adding the 
filtrate directly into the upper column, and purify with column spectra (petroleum ether: ethyl acetate- 3:1 , VA/). 4 mg of white solid matter is produced. 

1 H-NMR (CDCI3, 300MHz): 

5 (ppm) 9.40 (dd, J = 8.4, 1.5 Hz, 1H), 8.36 (dd, J = 4.5 Hz, 1H), 8.12- 8.09 (m, 2H), 7.62-7.55 (m, 5H), 7.09 (d, J= 3.6 Hz, 1H); 
EIMS (m/z): 324 (M\7), 239 (6), 225 (19), 197 (11), 125 (25). 121 (11), 111 (39), 97 (60), 85 (65), 71 (100), 69 (96). 
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10. 



Production of Compound 53 




+ H,N- 




63a 



S3 



Add DDC (77 mg, 0.375 mmol, 1.3 eq), DMAP (18 mg, 0.144 mmol, 0.5 eq) and an activated 4A molecular sieve (100 mg) to 53a (75 mg, 0.288 mmol). Inject 
redistilled toluene (1 ml) with Ar gas protection, stir for 20 minutes at room temperature, add 2-aminothiazole (29 mg, 0.288 mmol), stir for 3 hours at 70 Q C. Filtrate, 
adding the filtrate directly into the upper column, and purify with column spectra (petroleum ether: ethyl acetate= 1 :1 , VA/), 13 mg of white solid matter is produced, which 
is compound 53. 

'H-NMR (CDCI 3 , 300MHz): 

6 (ppm) 12.49 (s, 1H), 11.38 (br., 1H), 9.36 (dd, J= 8.4, 0.9 Hz, 1H), 8.36 (dd, J= 4.5, 0.9 Hz, 1H), 8.14-8.10 (m, 2H), 7.61-7.57 (m, 2H), 7.28-7.22 (m, 2H), 7.10 
(d, J =3.6 Hz, 1H); 

1 H- 1 H-COSY NMR (CDCl 3 , 300MHz): 

Correlation Peaks: CH-CH-CH, CH(2H)-CH(2H), CH-CH; 

13 C NMR (CDCI 3 , 300MHz): 6 (ppm) 

167.27 (1C), 165.53 (1C), 165.12 (1C), 163.91 (1C), 157.06 (1C), 142.79 (1CH), 

139.47 (1C), 138.62 (1CH), 131.52 (1C), 130.33 (1CH), 130.21 (1CH), 129.17 (1CH), 129.04 (1CH), 116.45 (1CH), 116.16 (1CH), 114.46 (1CH); 
EIMS (m/z): 324 (M\ 6), 239 (6), 225 (19), 197 (11), 125 (25), 121 (11), 111 (39), 97 (60), 85 (65), 71 (100), 69 (96). 

1 1 . Production of Compound 55- 59 

Compound 55- 59 are produced according to the following common formula: 



Add 10 mL redistilled DMF into the mixture of I (1 mmol), 2-aminothiazole (120 mg, 1.2 mmol), HOBT (162 mg, 1.2 mmol), EDC (230 mg, 1.2 mmol) and small 
volume of 4A molecular sieve, react overnight with rt stirring. Dilute with ethyl acetate, filtrate, and water wash 3 times to remove DMF, wash with saturated salt water 
solution, desiccate with organic fades anhydrous MgS0 4 , remove the solvent by revolving distillation, and purify the residue with column spectra. 





Compound 55: n H-NMR (CDCI 3 , 300MHz): 6 (ppm) 11.08 (br, 1H), 8.12 (s, 1H), 7.53 (d, J= 3.6 Hz, 1H), 7.00 (d, J= 3.6 Hz, 1H), 2.70 (s, 3H) 



13C NMR (CDCI 3 , 300MHz): 6 (ppm) 



166.87 (1C), 158.54 (1C), 158.04 (1C), 147.70 (1C), 138.30 (1CH), 125.59 (1CH), 113.79 (1CH), 19.25 (1CH3); 
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56 



Compound 56: 'H-NMR (CDCI 3 , 300MHz): 5 (ppm) 1 0.64 (br, 1 H), 8.20 (s, 1 H), 7.49 (d, J = 3.6 Hz, 1 H), 7.02 (d, J = 3.6 Hz, 1 H), 5.30 (d, J - 8.7 Hz, 1 H), 4.89 
(m, 1 H), 2.32 (m, 1 H), 0.97 (d, J = 6.9 Hz, 1 H), 0.91 (d, J = 6.9 Hz, 1 H); 
13 C NMR (CDCI 3 , 300MHz): 5 (ppm) 

173.84 (1C), 158.31 (1C). 157.78 (1C). 155.55 (1C), 147.97 (1C), 138.10 (1CH), 125.36 (1CH), 114.14 (1CH), 80.52 (1C), 58.10 (1CH), 33.39 (1CH), 28.44 
(3CH3), 19.41 (1CH3), 17.59 (1CH3); 



57 

Compound 57: 1 H NMR (CDCI 3 , 300MHz) 6 (ppm): 8.66 (br. 2H). 7.63 (d, J = 3.9 Hz, 1H), 7.21 (d, J =3.9 Hz, 1H),4.86(m, 1H),2.50(m, 1H), 1.11 (d, J = 6.9 
Hz, 1 H), 0.98 (d, J = 6.9 Hz, 1 H); 



58 

Compound 58: 1 H NMR (CDCI 3 , 300MHz) 6 (ppm): 8.22 (s, 1 H), 7.51 (d, J = 3.6 Hz, 1 H), 7.05 (d, J = 3.6 Hz, 1 H), 6.60 (d, J = 8.7 Hz, 1H), 5.38 (m, 1 H), 5.24 
(dd, J = 8.7, 5.7 Hz, 1 H), 3.06(d, J = 7.8 Hz, 2H). 2.38 (m, 1 H), 1 .82 (s, 3H), 1 .69 (s, 3H), 0.88 (d, J = 6.9 Hz, 3H), 0.86 (d, J = 6.9 Hz, 3H); 



59 

Compound 59: 1 H NMR (CDCI 3 , 300MHz) 8 (ppm): 8.22 (s, 1H), 7.50 (d, J= 3.6 Hz, 1H), 7.05 (d, J= 3.6 Hz, 1H), 6.77 (d, J= 8.7 Hz, 1H), 6.00 (m, 1H), 5.26 (m, 
3H), 3.1 2 (d, J = 6.9 Hz, 2H), 2.33 (m, 1 H), 0.97 (d, J = 6.6 Hz, 3H), 0.96 (d, J = 6.6 Hz, 3H) 
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CLAIM STATEMENT 



1. 



A new type of methionine amlnopeptldase Inhibitor with the following formula: 




Wherein Ri represents alkyl at C1-C4, alkyl substituent, cycloalkyl at C 3 -C 6 , cycloalkyl substituent, aryl, pyridyl; aryl substituted by alkyl at C1-C4, nitryl, carboxyl, 
aldehyde group, alkoxyl, amidocyanogen, amide group, hydrosulfide group, pyridyl substituent, and heterocycle or substituent heterocycle with the following structure: 



R 5( R 6 represent H, alkyl at C1-C4, alkyl substituent. cycloalkyl at C 3 -C 6 , cycloalkyl substituent, aryl, pyridyl, nitryl, carboxyl, aldehyde group, alkoxyl, 
amidocyanogen, amide group, aryl substituted by mercapto. pyridyl substituent; 

R 2 represents H, alkyl at C1-C4, alkyl substituent, aryl, aryl substituted by alkyl at C1-C4, nitryl, carboxyl, aldehyde group, alkoxyl, amidocyanogen. amide group 
or mercapto; 

R 3 represents H. alkyl at C1-C4. alkyl substituent at C1-C4. halogen; aryl, aryl substituent; 
R 4 represents H. alkyl at C1-C4, alkyl substituent, aryl substituent; 
X represents O, S, N, hetero atoms. 

2. Features of the methionine amlnopeptldase Inhibitors described In Claim 1 are: 

When Ri is pyridine, pyridine substituents including halogen, amide, alkoxyl, hydroxyl, carboxyl, ester group, ether, 
R 2 is H; 

R 3 is H, Br, alkyl; 

R 4 is H, alkyl, aryl substituent. 

3. Features of the methionine amlnopeptldase Inhibitors described in Claim 1 are: 

When Ri is aryl, aryl substituents including nitryl, amidocyanogen, alkoxyl at C1-C4, hydroxyl, carboxyl, benzyl [Source Illegible] 
R 2 is H; 

R 3 is H, halogen, alkyl at C1-C4, 

R 4 is H, alkyl at C1-C4, aryl substituent. 

4. Features of the methionine amlnopeptldase inhibitors described in Claim 1 are: 
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When R-! is heterocyclic or substituent heterocyclic 
R 2 is H; 
R 3 is H, 
R 4 is H, 

R 5 , R 6 is H, alkyl at C1-C4, alkyl substituent, cycloalkyl at C 3 -C 6 , cycloalkyl substituent. aryl, pyridyl, nitryl, carboxyl, aldehyde group, alkoxyl, amidocyanogen, 
amide group, aryl substituted by mercapto, pyridyl substituent; 

5. A feature of the production methods of the methionine amlnopeptidase inhibitors described in Claim 1 is condensation polymerisation between 
RiCOY (wherein Y represents hydroxyl, halogen or other active groups) and Rj 

6. A feature of the production methods of the methionine amlnopeptidase inhibitors described In Claim 4 is that the condensation agents are DCC, EDC, 
DIC, HBTU. 

7. A feature of the production methods of the methionine amlnopeptidase Inhibitors described in Claim 4 Is that the solvents for condensation reaction 
are dichloromethane, dimethylfuran, dlchloroethane, toluene, benzene, water, Dloxane or mixture solvent of the above solvents. 

8. A feature of the production methods of the methionine amlnopeptidase inhibitors described In Claim 4 is that the reaction temperature Is -20°C to 
room temperature or heated temperature between 50°C and 130°C. 

9. A feature of the production methods of the methionine amlnopeptidase Inhibitors described In Claim 4 Is that activators such as HOBT, 
pentafluorophenol, or a molecular sieve are added to the condensation reaction. 

1 0. A feature of the production methods of the methionine amlnopeptidase inhibitors described in Claim 4 is that catalysts such as triethylamlne, diethyl 
propyl ethylamine, pyridine, DMAP alkali are employed In the condensation reaction. 

11. The methionine amlnopeptidase inhibitors described in Claim 1 are used as leading compounds in anti-tumour or anti-infection drugs. 
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(57) Abstract: The invention provides a new methionine aminopeptidase inhibitors with the following formula (I): wherein R u 
R2, R3, R4, Rs» Ro, and X have the meanings given in the description. Pharmacological experiment shows that they display good 
inhibition activity for methionine aminopetptidase. 
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^^mR-m^^m.it^mm^n.wtmxm (MetAPs) m^rmm^mm 
tt, m^T-mm MetAPs Mmmm-feMmnft, mm^sw^-mmmm^mmm^ 

mm (MetAPs) ^m&&tfyw&m£m&m£Rkm&iiimwmn.m. m^m&m^m 
&m waffle 

&m^'£&^mmWi£^J¥m, ttm&Mffifc&m&mU. Biol. Chem. 1990 ; 265: 
19892-19897) o i|^|^^HFl?S»Sttlt^J^* I IR; jS^AWAWF^ 

^tit^mm^— ^^umrnxmo, Bioi.chem. 1992;267:20667-20673) , mnttm 
n c ^^^mmwMmmkmmmmMmt 1 msms-^ cc »at-^ eo 

^M»W^iJ), 41 N ft-I^ItttfllttlllilWtHIS^ (& 

(Biochemistry. 1987;26:8242-8246), RW31fi^fl»N^¥«IlMWf Zfl 

cp,* ) m^mR'&m^T 3. &8A, ^mm^mmmkMMM. sitnA* pi' ti^M 

SMJ^^T^M^^^-ff— ^t£MTO«Mfl»ftffl: Gly, Ala. Ser> Thr, Pro. 
Val %i Cys (J. Bacteriol. 1987 ; 169 : 751-757 ; Biochemistry. 1999;38:14810-14819). 
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tfp, &mmmmmfei±L, sawm^iwaBioi.chem. i982 ; 257: 3532-3536) mM^iE 

Bestatin ^jMMfflJ$ll#lS (Biochemistry. 1999;38:14810-14819) „ 

^m^W, mmUM (fumagillin) fP-£6<jftjr»TNP-470 < ICso )° fijf^H 

m, xmm metA? u &mmfo fumagimn m wp-ao m^m^M, ^mit^-mit^ik 

j^tfp hMetAP II {itt,|x ftfSSI^l His, ^1 j££iJ«!]i£S H WrStt 
(Proc. Natl. Acad. Sci. USA. 1998 ; 95 : 15183-15188) 0 

imvtnmm&miT MetAPs mm^nw^., ^mmu^mm^mm Bestatin 

^m^^3tW/S^^»«'J^Jc # Bestatin |ft P, * P P,'^.*#^ W^^MMl^M^, 
^m^-^tgMzKM-W/a^^, *&W«U^tt IC50 *7 5|JM, M^mmmm eMetkP 




eMetAP W«tfrMl»J 
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MM (angiogenesis) , jftjg gjE ^SMmtmiSK^JA^^^mm^ XRTili±W 

«jto.«jB«g^wrii!iiRiiif±*fejg#^aijs6, #mmM%tm±Lm^mmwfaW3if&, 

mmm, mftft&&wmm^ft&Mm^mmmwm$Liko sum, wmumm.sk 
m#m& hMetAPii Rrf^*-ftffMWjftSr^jiiL§^i5i»M^ffl«i^, ^-sw^m#^ 

f&iftt*m&&M38tfTmAtoWfi, &mw MetAPs ^mm^fm^mmmwmmm 



R 4 

Ei3 c-c 4 M-mm, ss> ii. eit sst^ww^s, mtt 
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i^*. *m> mm, mm, -mmm, mm, mm.m, '^mmmx^m, mmmrn-, 

r 3 ^h, c,-c 4 ^s, n^c-c^s. %m, mx%m-, 
raZjh, c r c 4 ^m, m^s, mx^m-. 



R,COY 




G.tinTi&fiWi&fTi&'&B.M, cmch, dmf, CH2CICH2CK 3^ 7K> — m,/\^s& 

teumumm^mm, mta-. ch 2 ci2/dmf a, ivao, mmfom^mmm^m>& 

Mnl^DCC, ECD> DIC> HBTU^, fligM&flS^Bt MA^MftfcM, ffilllU HOBT, 35 
DMAP> il^S^MS^-20 o C— ^M, {E&^tif&T, WJifM, -flSJA 50M30°C, 

mmttm&-&, m^m tlc ^m^&m^mmm, &m^B-~mmmm^m- 
zmm, mmm^mmnm^m m, rmwR&m i si n m^mm^it, ^20%— 

95%, ffliJW^^Iffl NMR^vS^iiEBJ 

II RTflliB J.Org.Chem. 63 J 96-200(1 998)|#;^r£-J#„ 



4 



WO 03/082838 



PCT/CN03/00213 







ICso(^M) 
EMetAP 


hMetAPl 


6 


r ^ T ,N0 2 


NA 


- 


7 




30% 

inhibition 
at 20Mg/ml 


- 


16 


H 


4.84 


- 


17 


o 

Br 


6.0 


- 


18 




NA 


- 


22 




NA 


- 


23 




NA 


- 


24 


N if YV 

o s-y 

C0 2 Et 


1 > / \ 


- 


25 


AcO 


NA 


- 


27 


r^Y^l H 

N Vt> 


51.0 


- 


30 


OMe 

T 


9.22 


- 


31 




2.33 




32 


[f^ H 


5.82 


- 


34 




8.20 


29.0 


35 


H ^ h 


4.49 


20.9 


36 


vO 


1.10 


28.7 


37 


o OCH3 

0 sO 


1.90 


15.4 
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56 


J s 

r^Jl K n 

BocHN N y Vy) 

0 s — 


NA 


57 


A;^ H 

o s— ^ 


NA 


58 


o X/' 


NA 




59 




NA 


IA: no inhibition 


0 s-^ 

at 20 ue/mL. " " no test 





^^It^*^** eMetAP ® , (NH4) 2S04 UfeR Q-Sepharose 

eMetAP pJI^KM^M^ Met-S-C-Phe ffi$m&, f 1 ^ Met-SH ffi^-^iiiW DTNB 
3-|£&-4-58£9l|'re*»4fc£ 412 nm£hWM(e412= 13600 M-l.cm-1). 
Mil SpectraMAX 340 &$| 412 nm & = 

%RW$Mffi%iJ]fe (Anal Biochem. 2000, 280:159-65) 

2 ng/mU 20 ^ig/mL *Q 100 ^g/inL = ^te^&Jg&^2t?jffii£, SffiJfrJ 

ilii eMetAP Ij^tt^^ fT*0W. 

'H-NMR ffl Varian MercuryAMX300 IWJ^; MS ffl VG ZAB-HS ^4 VG-7070 Mft 
(^aBJ^h^^EI^ (70ev) ;^fW**J^«fflfr±&Sjifi»f3KtS. 0H£JBW3EzK# 
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mm, j5*itmwi%%Lmmisik7kmm3G7k M g so 4 ^^mmm-mm^m 

M(200-300mesh)Mttfeif^ ; BT^fflM^^ 200-300 g GF 254 % 
1. ttlN^6H<J$iJ# 



^l3^^¥M(5mmol)^T— 15ml ), jjp A 2-MSM(500mg,5mmol), 
= ZM ( 0.75ml, 5mmol), f ITfijS 8h,JnA-H¥^#^i?t. ^0fWS/St/$tSS 

7^6 50311^, ^^40.4% o 

'H NMR (DMSO,300MHz): 

6(ppm) 8.18(d, J =8.1Hz ,1H), 7.91-7.86 (m, 1H), 7.82-7.77(m, 2H), 7.55 (d, J = 
3.6Hz ,1H), 7.34 (d, J= 3.6 Hz, 1H) 
2. ^ftl8« 



& 15 (195mg,1.26mmol) ,2-^SBttPS ( 156mg,1.26mmol) ,DCC (270mg,1.30mmol), 
DMAP (llmg,cat) lOT^^nA-feTO (5ml) .S^iP, MMTF$L& 8 /hBt* ffl 
^^Z,I^##,jlfe^Kl^^^J,BmtJ^*ifeif mfoCGMM : ZMZMf* : 1, V/V)f# 
SO 247mg fifeH^tf 18, 75.7% o 

J H NMR (CDCl 3 ,300MHz): 

6(ppm)11.08(s.,lH), 8.62 (d, J = 5.2Hz, 1H), 8.27 (d, J = 7.8Hz, 1H), 7.92(dt, J= 
7.8,7.8,1.5 Hz, 1H), 7.51 (dd, J= 7.8,5.2 Hz, 1H), 2.72 (d, J= 13.5 Hz, 4H), 1.88(s,4H); 
l3 C NMR (CDCI3, 300MHz): 6 ( ppm ) 

161.76(1C),154.61(1C),148.76(1CH),148.18(1C),145.17(1C),137.90(1CH),127.33(1CH), 
123.59(1C), 122.91(1CH), 26.65(1CH2), 23.56(1 CH2),23.23(2CH2); 

3. 19 




+ 
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V^COOH + ^ ^// 

19a 19 

^ 19a (28mg,0.197mmol) ,2-itSltt (25mg,0.197mmol) ,DCC (43mg,0.20mmol)> 

DMAP (cat) mm^^mX-m.^ (lml) MTI#8/J^o 
I^#,3i^,«^^^^J s ag^Sfeif^^(^^SI : Z.&Z,BB=5 : 1, V/V), mm 
14mg SfeEU*/^ 19c ^^75.7%» 
'H NMR (CDC1 3 ,300MHz): 

5 (ppm)11.02(s.,lH), 8.61 (dd, J = 4.8,1.5Hz, 1H), 8.27 (d, J= 7.5Hz, 1H), 7.91(dt, J= 
7.5,7.5,1.5 Hz, 1H), 7.50 (ddd, J= 7.5,4.8,1.5 Hz, 1H), 2.62 (q, ./= 7.5,7.5,7.5 Hz, 2H), 
2.34(s,3H), 1.22 (t,J= 7.5,7.5 Hz, 3H),; 
4. >ft^22fi<J^J#: 





22a 22 

# 22a ( 23mg,0.131mmol ) ,2 - M S ntb Ufa ( 17mg,0.131mmol,leq ) ,DCC 
(29mg,0.14mmolX DMAP (cat) 4^11 A— it TO (2ml) ,M.*%&&, MUTfit 

=5: 1, V/V)nm 21mg WfeHtt/^ 22 c 
'H NMR (CDCl 3 ,300MHz): 

6 (ppm)11.25(s.,lH), 8.66 (d, J= 4.5Hz, 1H), 8.30 (d, J= 7.8Hz, 1H), 7.92(dd, J= 7.8,7.8 
Hz, 1H), 7.89 (d, J= 7.8 Hz, 2H), 7.53 (dd, J= 7.8,4.5 Hz, 1H), 7.43 (t, J= 7.8,7.8 Hz, 2H), 7.33 
(t,/= 7.8,7.8 Hz, 1H),7.22 (s,lH); 

,3 C NMR (CDC1 3 , 300MHz): 6 (ppm) 

162.34(1C),157.45(1C),150.73(1C),148.86(1CH),147.98(1C),138.02(1CH), 
134.63(1C),128.98(2CH),128.27(1CH),127.59(1CH),126.34(2CH), 
123.08(1CH),108.21(1CH); 



5. 36 





p 

o 



o 

36 



H 
N 



# 33(20mg,0.09mmol)^^z:it?^ ( 4ml ), JnAHZJic ( 0.1ml), -78°CTQeA 
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(0.13mmol, 1.5eq), UWm^T fcVk 3h, g $&ftm^.UMfc& 2M#IiMltfev# 

36 „ 

'H NMR (CDC1 3 ,300MHz): 

6 (ppm) 11.33(br.,lH), 8.60(d, J =4.5Hz ,1H), 8.29 (d, J = 7.5Hz, 2H), 7.75-7.63(m,3H), 
7.56 (t, 7= 4.5,4.5Hz ,2H), 7.50(d, J= 3.0Hz, 1H), 7.05 (d, J=3.0Hz,lH). 
I3 C NMR (CDC1 3 , 300MHz): 8 (p pm ) 

165.13(1C), 160.29(1C), 157.82(1C), 148.59(1C), 146.03(1CH), 139.88(1C), 
137.87(1CH), 134.12(1CH), 133.90(1CH), 130.85(2CH), 129.13(1C), 128.88(2CH), 
128.74(1CH), 113.83(1CH); 

EIMS (m/z): 325(M + , 7%) , 226(8), 197(6), 127 (16), 105(69) 
97 (53) , 91 (69) , 85 (63) , 71 (100) , 69(88); 
7. it&M44M&}& 



O OMe 




44 

33 ( 98mg,0.45mmol ) flfl A— U ¥ ^ ( 8ml ) ,^ AH £1^(0. 1 ml,68mg,0.67mmol) , 

^j5>i«T-m¥^wm«-78°cTipAo isimt&& ihMJs&mftm&u, mm& 
gas. s/sz^m^^o &=f, ^^-E¥^/¥^, ^ttfeit^(^^K : zlm 

Z,m=3 : l,V/V)f#£ij48mg SfeS^t/. 44. 
'H NMR (CDCl 3 ,300MHz): 

8 (ppm) 8.55(dd, J=4.2,1.5Hz ,1H), 8.25 (d, J= 16Hz, 1H), 7.69-7.59(m, 3H), 7.51 (d, J 
= 3.6Hz ,1H), 7.40(dt, J= 8.0,1.5 Hz, 1H), 7.03-6.94 (q, J =8.0,18Hz, 2H),6.99 (d, J= 3.6 Hz, 
lH),6.89(d, J=3.6 Hz, 1H); 

l3 C NMR (CDCI3, 300MHz): 8 (ppm) 

165.67(1C), 160.45(1C), 158.89(1C), 157.80(1C), 148.49(1C), 145.75(1CH), 
143.47(1CH), 139.98(1C), 138.09(1CH), 133.86(1CH), 132.35(1CH), 129.76(1CH), 

128.62(1CH), 123.16(1C), 120.91(1CH), 116.93(1CH), 113.75(1CH), 111.38(1CH), 

55.67(1CH3); 

EIMS (m/z): 381(M + , 7%) , 353 (8), 324(16), 225 (52), 221(26) 
161 (90) , 127 (28) , 123 (47) , 95 (49), 71 (60), 69 (100). 
8. VC&m41&}M& 
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P 



JO 



+ 




47 



^MT»m4"iPA-m¥^ (2ml) ,mn\2-Ummm(U.4mg, 0. 114mmol),ffi^, 
ijqAHZJgc(19ul,0. 114mmol), &J&OTo ttT, A—iC TO (10ml) , fflzKifc 
(3X3ml) ,1&fP#&7k$5fc(3ml).^F'M (^C7XMgS04) o ftfct, ^THiC¥^, 
^tifeif^-fcWySii : ^Z,@g=l : 1, V/V)f#ilj6mgiLfe|£l#^, 47: 
'H NMR (CDC1 3 ,300MHz): 

5 (ppm)8.25 (dd, J= 2.7, 2.7 Hz, 1H), 7.52-7.50 (m, 3H), 7.42-7.32(m, 5H), 7.02(d, J= 
3.6 Hz, 1H); 

,3 C NMR (CDC1 3 , 300MHz): 8 ( ppm ) 

161.30(1C), 158.38(1C), 156.33(1C), 140.73(1CH), 137.80(1CH), 136.47(1C), 
135.85(1C), 129.06(2CH), 128.54(1CH), 128.42(1CH), 127.12(1CH), 127.06(1CH), 
123.50(1CH), 113.64(1CH), 71.14( 1CH 2); 

EIMS (m/z): 311(M + , 6%) , 220 (7), 197(8), 189 (43), 123 (19) , 111 (29) , 97 (44) , 
91(100). 85 (55), 71(83), 69 (78). 

9. ik&W5iMM& 



M 51a ( 40mg, 0. 165mmol ) 4 1 #P A DCC ( 41mg, 0. 198mmol ) , DMAP 
( lOmg, 0. 083mmol, 0. 5eq). feltM 4A ^TjTf ( lOOmg) , M^U^T , SAIIWC 1ml ) , 
^M#20min, APA 2 M^flM (17mg, 0. 165mmol), T 70°CTii# 1. 5 /Jn$|-. itm, #t 

'H NMR (CDC1 3 , 300MHz): 

6 (ppm) 9.40 (dd, J = 8.4,1. 5Hz,lH), 8.36(dd, J = 4.5 Hz, 1H), 8.12-8.09 (m, 2H), 
7.62-7.55 (m, 5H), 7.09 (d, J= 3.6 Hz, 1H); 

EIMS (m/z): 324 (M + , 7), 239(6), 225 (19), 197 (11), 125 (25), 121 (11) 111(39), 97 (60), 
85 (65), 71 (100), 69(96). 




51a 



51 



ll 
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10. it&ya S3 to ffl& 




53a 53 

& 53a ( 75mg,0.288mmol ) 4> iJP A DCC ( 77mg,0.375mmol,1.3eq ) > DMAP 

(18mg,0.144mmol,0.5eq),Jgtt,W 4A #Tj^< lOOmg), S^$^T, aAJt^f^Clml), 
20min,in A (29mg,0.288mmol), 70°CTit# 3 /.hfft. il&t, iiytt 

&±&,g£l£fei»g6W&$lillf : Z,KZ»B8=l:l,VAO^PJl3m g afe0^i ic ^,tt,^53, 
'H NMR (CDC1 3 ,300MHz): 

8 (ppm)12.49 (s, 1H), 11.38(br.,lH), 9.36 (dd, J= 8.4,0.9Hz, 1H), 8.36(dd, J= 4.5,0.9 Hz, 
1H), 8.14-8.10 (m, 2H), 7.61-7.57 (m, 2H), 7.28-7.22 (m, 2H),7.10 (d, J= 3.6 Hz, 1H); 
'H, 'H -COSY NMR(CDC13,300MHz): 

CH-CH-CH , CH(2H)-CH(2H) , CH-CH; 
13 C NMR (CDCI3, 300MHz): 8 ( ppm ) 

167.27(1C), 165.53(1C), 165.12(1C), 163.91(1C), 157.06(1C), 142.79(1CH), 
139.47(1C), 138.62(1CH), 131.52(1C), 130.33(1CH), 130.21(1CH),129.17(1CH), 
129.04(1CH), 116.45(1CH), 116.16(1CH),114.46(1CH); 

11. ik&%3 55-59 

it<&® 55-59 m<\&&T$m&m'if: 

1 o s-v 

I ( lmmol), 2-MSlSl^(120mg, 1.2mmol), HOBT(162mg, 1.2mmol) ,EDC(230mg, 
1.2mmol), M4A^f$Wi^MftA lOmL fi^ DMF, rt 

BBffi#,ft&,zK*fc=&l&* DMF, tSffta/Kt- W^lffl^* M g so 4 TBo ffi%iMV&m 




55 

55: 'H NMR (CDCl3,300MHz): 8 (ppm): 11.08(br, 1H), 8.12(s, 1H), 7.53(d, 
J=3.6Hz, 1H), 7.00(d, J=3.6Hz, 1H), 2.70(s, 3H);13C NMR (CDC13, 300MHz): 6 (ppm) 
166.87(1C), 158.54(1C), 158.04(lC), 147.70(1C), 138.30(1CH), 125.59(1CH), 113.79 (1CH), 
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19.25(1CH3); 

S 





BocHN N-\^N^N 



O S- 
56 

VC^^H 56: 'H NMR (CDC13,300MHz): 6(ppm): 10.64(br, 1H), 8.20(s, 1H), 7.49(d, 
J=3.6Hz, 1H), 7.02(d, J=3.6Hz, 1H), 5.30(d, J=8.7Hz, 1H), 4.89(m, 1H), 2.32(m, 1H), 0.97(d, 
J=6.9Hz, 1H), 0.9 l(d, J=6.9Hz, 1H); 

13 C NMR (CDC13, 300MHz): 5 ( ppm ) 173.84(1C), 158.31(1C), 157.78(1C), 155.55(1C), 
147.97(1C), 138.10(1CH), 125.36(1CH), 114.14(1CH), 80.52(1C), 58.10(1CH), 33.39(1CH), 
28.44(3CH3), 19.41(1CH3), 17.59(1CH3); 

S, 

* /] H 





H 2 N N^r-N^N 



O S 



57 



VC^^i 57: 'H NMR (CDC13 5 300MHz) 6 (ppm): 8.66(br, 2H), 7.63(d, J=3.9Hz, 1H), 7.21(d, 
J=3.9Hz, 1H), 4.86(m, 1H), 2.50(m, 1H), 1.1 l(d, J=6.9Hz, 1H), 0.98(d, J=6.9Hz, 1H); 

O 




58 

it^-^} 58: 'H NMR (CDC13,300MHz) 5 (ppm): 8.22(s, 1H), 7.51(d, J=3.6Hz, 1H), 7.05(d, 
J=3.6Hz, 1H), 6.60(d, J=8.7Hz, 1H), 5.38(m, 1H), 5.24(dd, J=8.7,5.7Hz, 1H), 3.06(d, J=7.8Hz, 
2H), 2.38(m, 1H), 1.82(s, 3H), 1.69(s, 3H), 0.88(d, J=6.9Hz, 3H), 0.86(d, J=6.9Hz, 3H); 

O 




59 

\k>^% 59: *H NMR (CDC13, 300MHz) 8 (ppm): 8.22(s, 1H), 7.50(d, J=3.6Hz, 1H), 7.05(d, 
J=3.6Hz, 1H), 6.77(d, J=8.7Hz, 1H), 6.00(m, 1H), 5.26(m, 3H), 3.12(d, J=6.9Hz, 2H) 5 2.33(m, 
1H), 0.97(d, J=6.6Hz, 3H), 0.96(d, J=6.6Hz, 3H) 
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R 4 

^Riftd-c^&i&m. c 3 -c 6 m^m, mx^m. %m. 

* c,-c 4 iw^s, 58*. 11, is> ra. si mm, $tmmmx%m, mx 



R 5 > R 6 ^h, c,-c 4 M^», c 3 -c 6 &W^S, ^W-^S, %m, « 

11, ii> mMa, liw^^fs, mxwtmm: 
r 2 %h, c,-c 4 ^*> teCx-ctM-famnm, mm, mm, ■m.m.m, 

mm, m mm. ^mmmix^m-, 

r 3 ^jh, crc^m. mxc-c^m, &m-, ^m, mx%m-, 
ra^u, c,-c 4 ^s, w^s, mt^m-, 

^RiMtm, mmtmn^^m, mm, &m.m, mm, mm, mm, 

R 2 ^H; 

R3 % H> Br > ^S; 

R,^jH> ffim, m^3f*o 

^ Ri^^s. ^t^'a^a. j&s, d-CtM^mm. nm, mm. ^mm 

R2 % H; 

R 3 ^H> C,-C 4 ^S; 
R4^H. C,-C 4 ^S, tlt^I. 

4. tS«»J^l^W¥^mmaiW»J^J, $t#tIE£^: 
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R 2 *H 
R 3 ^H 
R4 H 

pgs. mm> &m.&* mm. m m&m&ttftm* mx^m-, 

RlCOY 2 x ^-" 
DCC. EDC, DIC\ HBTUo 

-20°C S^MSEiP^MS^ 50°C 5 130°Co 

jp a$s*wpj hobt> s.n.3m&ft=?m. 

10. ra«&^J3^4J^$ft¥«S^ 

11. w^n* 1 m^mmmmxmm%mm%mmmMmymm^vc^m a 
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